Investigate the effects of a single electroacupuncture (EA) session at acupoints Zusanli (ST-36) and Zhongwan (CV-12) combined in regulating oxidative stress in liver and kidney in anesthetized rats. METHODS: Eighteen healthy rats randomly assigned to 3 groups (n=6) were anesthetized intraperitoneally with ketamine (90mg kg -1 body weight) + xylazine (10mg/kg body weight): G-1: Control (anesthesia), G-2: anesthesia+EA10Hz and 10 mA, 10 Hz) applied to right ST-36 and CV-12 acupoints for 30 minutes. G-3 was likewise treated, using a tenfold higher frequency (100 Hz). G6PDH activity, malondialdehyde (MDA) and glutathione (GSH) levels were assayed spectrophotometrically. RESULTS: Liver MDA and GSH concentrations increased significantly in rats submitted to EA 10Hz (p<0.01) and EA 100Hz (p<0.001), compared with control G-1. Liver and kidney G6GPH activity decreased significantly in G-2 (p<0.01) and G-3 (p<0.001) compared with G-1 in EA100Hz rats. A similar pattern was found in kidney G6PDH activity in EA10Hz rats. CONCLUSION: Single 30-minute EA 10/100Hz session enhances lipid peroxidation and simultaneously reduces oxidative stress in liver and kidney tissues in a rat model. Keywords: Acupuncture. Electroacupuncture. Lipid Peroxidation. Oxidative Stress. Rats. RESUMO OBJETIVO: Investigar os efeitos de uma única sessão de eletroacupuntura (EA) aplicada nos acupontos Zusanli (E-36) e Zhongwan (RM-12) simultaneamente, na regulação do estresse oxidativo no fígado e rins em ratos anestesiados. MÉTODOS: Dezoito ratos sadios, distribuídos aleatoriamente em três grupos (n = 6), foram anestesiados com cetamina (90mg/kg de peso) + xilazina (10mg/kg de peso): G-1: Controle (anestesia), G-2: anestesia + EA10Hz e G-3: anestesia + EA100Hz. Os ratos do grupo G-2 foram submetidos à EA (ondas quadradas pulsadas, 10 mA, 10 Hz) aplicada aos acupontos ST-36 direito e VC-12 por 30 minutos. Nos ratos do grupo G-3 utilizou-se uma freqüência dez vezes maior (100 Hz). A atividade da enzima G6PDH e as concentrações de malondialdeído (MDA) e glutationa (GSH) foram verificadas por espectrofotometria. RESULTADOS: As concentrações hepáticas de MDA e GSH aumentaram significativamente nos ratos submetidos à EA, utilizando 10Hz (p <0,01) e 100Hz (p <0,001), comparado com o controle. A atividade de G6GPH diminuiu significativamente no G-2 (p <0,01) e G-3 (p <0,001) no fígado e no rim em comparação ao grupo G-1 em ratos tratados com 100Hz. CONCLUSÃO: Uma única sessão de EA 10/100Hz por 30 minutos aumenta a peroxidação lipídica e simultaneamente reduz o estresse oxidativo no fígado e no rim de ratos sadios. Descritores: Acupuntura. Eletroacupuntura. Peroxidação de Lipídeos. Estresse Oxidativo. Ratos.
Introduction
Manual acupuncture (MA) is one of the main forms of treatment in traditional Chinese Medicine. It involves the use of sharp, thin needles that are inserted in the body at very specific points (acupoints). MA has been used for several millennia in oriental countries and is being increasingly accepted by practitioners and patients in the West as well 1 . Electroacupuncture (EA) is a modification of this technique where small electrical currents are applied to needles previously inserted in the body and appears to have more consistently reproducible results in many specific clinical and research settings [2] [3] [4] . EA applied to Zusanli (ST-36) acupoint reduced lipid peroxidation in experimental models of ischemia/reperfusion such as rat spinal cord 5 , brain 6 and blood serum 7 and pig heart muscle 8 . Chakrabarti et al. 9 investigated the effect of single, acute (7 pulses/sec., 0.75 volt) and chronic (4 pulses/sec., 0.75 volt) electroacupuncture treatment on alternate days for a period of 21 days on hepatic functions of rats. Two back acupoints along with ST-36 were used. After chronic treatment, liver microsomal lipid peroxidation value decreased significantly. Moreover, given that the manual stimulation of the acupoint ST-36 is able to attenuate renal injury induced by sepsis 10 , it is possible that electrical stimulation of that acupoint can alter the concentrations of MDA, an indicator of cell membrane injury, in renal tissue.
Physiological processes are regulated by enzymes. NADPH is the principal intracellular reductant and its production is mainly dependent on glucose-6-phosphate dehydrogenase. If G6PDH activity is inhibited, there is a simultaneous decrease of NADPH activity, a coenzyme that is essential for the protection against oxidative damage. The integrity of the cells as well as the entire antioxidant system rely on the adequate supply of NADPH 11 . Many papers have demonstrated the effects of MA and EA on ST-36 acupoint in attenuating oxidative stress in different experimental diseases [5] [6] [7] [8] [9] . Furthermore, the use of ketamine+xylazine, an anesthetic mixture often used in experimental studies may induce some degree of oxidative stress in a health animal [12] [13] . It has been previously shown that large amounts of endogenous opioid peptides are secreted from the adrenal glands when CV-12 acupoints are stimulated using acupuncture with 2Hz 14 . When a high frequency EA (15 Hz) was applied to stimulate the acupoint CV-12, multiple sources of endogenous opioid peptides were discovered 15 . Hence, we aimed to investigate whether the application of EA, stimulating both ST36 and CV-12 acupoints, using two different frequencies, 10 Hz and 100 Hz, can modify MDA and GSH content of the liver and kidney and if there is a difference in lipid peroxidation and oxidative stress between 10 Hz and 100 Hz EA in health rodents.
Methods
Approval for experimental use of laboratory animals was obtained on Sept 19, 2007 
Animal preparation
Male Wistar rats weighing 280-400 g, provided by the Faculty of Medicine Small Animals Breeding Facility (Federal University of Ceara) were kept under controlled environmental conditions (24°C _relative humidity 40%-60%, 12-hour alternate light-dark cycles, food and water ad libitum). The equivalent of the human right ST-36 and CV-12 acupoints were chosen for needling and electrical stimulation. The acupoint nomenclature used follows WHO nomenclature 16 . ST-36 acupoint is located 5mm below the head of the fibula under the knee joint, and 2mm lateral to the anterior tubercle of the tibia. Puncture of ST-36 acupoint stimulates the lateral sural cutaneous nerve, the cutaneous branch of the saphenous nerve, and deeper, the deep peroneal nerve [17] [18] . CV-12 acupoint is located in the anterior midline of the upper abdomen, 20 mm below the sternal synchondrosis. This region is innervated by the anterior cutaneous branch of the 8 th. intercostal nerve 18 .
Materials
Disposable stainless steel needles (0.20x30 mm, 0.5 cm, DongBang Acupuncture Inc., Chung Nam, Korea) were used. The EL-608 electro stimulator was purchased from NKL Produtos Eletrônicos Ltda., Brusque, Santa Catarina, Brazil.
Experimental groups
Animals were anesthetized intraperitoneally with a freshprepared mixture of ketamine (90mg kg/body weight) and xylazine (10mg kg/body weight). Rats were randomly assigned to 3 equal groups as follows:
* Group 1 (anesthesia) -6 rats * Group 2 (EA 10Hz) -6 rats * Group 3 (EA 100Hz) -6 rats Group 1 (Control) rats were anesthetized as described. Sixty minutes later, the abdomen of the rats was open and the liver and right kidneys were removed. Group 2 (EA10Hz) rats were anesthetized as described. After routine skin disinfection with 75% ethanol sterilized disposable stainless steel needles (0.25 mm × 30 mm) were inserted perpendicularly as deep as 2-3 mm at right ST-36 and CV-12 acupoints. Electrodes were connected to both needles and to an electro stimulator (NKL EL-608); pulsed square waves, 10 Hz, 10 mA were applied for 30 minutes. Samples were collected 30 minutes later. Group 3 (EA100Hz) rats were submitted to EA as Group 2. However, a tenfold greater frequency (100 Hz) was used.
Biochemical determinations
Parameters determined included G6PDH activity, malondialdehyde (MDA) and glutathione (GSH) concentrations. Tissue samples were snap-frozen in liquid nitrogen and stored in glass tubes at -70º until subsequent preparation and analysis of liver and kidney homogenates. Lipid peroxidation was assayed by measuring malondialdehyde as TBA-reactive substances 19 . In brief, H 3 PO 4 (1%, 3 mL) and aqueous TBA solution (0.6%, 3 mL) were added to the 10% homogenate (0.5 mL). The assay medium was shaken and heated on a boiling-water bath for 45 min. After cooling, 4 mL of n-butanol was added and the mixture shaken. After separation of the n-butanol layer by centrifugation at 1200g for 15 min, its optical density was determined in a spectrophotometer (Beckman DU 640 B; Beckman Instruments, now Beckman Coulter, Inc., Fullerton, CA, USA) with 535 and 520 nm as absorption wavelengths, respectively. The difference between the results of the two optical density determinations was taken as the TBA value and the amount of malondialdehyde (MDA) in the testis was calculated, comparing with MDA standards and expressed as micromoles of MDA per gram of wet tissue. GSH levels were estimated by the method of Sedlak and Lindsay 20 which is based on the reaction between thiol groups and 5-5-dithiobis-(2-nitrobenzoic acid) to produce a compound that absorbs light at 412 nm. The amount of GSH was determined from a standard curve simultaneously obtained under the same conditions with various concentrations of GSH. G6PDH activities were estimated by methods described previously 21 . Enzyme activity was read spectrophotometrically.
Data analysis
Graphpad Prism 5.0 (GraphPad Software, San Diego California USA, www.graphpad.com) was used for computation and statistical analysis. All results were expressed as mean±SD. All data were tested for distribution (Kolmorogov-Smirnov test with Dallal-Wilkinson-Lilliefor P value). One-way ANOVA or Kruskal-Wallis test, as required, were performed to determine differences among groups in MDA and GSH concentrations and G6PDH activity in liver and kidney tissues. In the post hoc analysis (Tukey or Dunn), a probability value of p<0.05 was considered to indicate statistical significance.
Results

GSH Assay
Liver GSH concentrations increased significantly in rats submitted to EA 10Hz and EA 100Hz (p<0.001), compared with control ( Figure 1 ). Similar increases in kidney GSH concentrations occurred in both EA10Hz and EA100Hz groups (Figure 2 ).
Additionally, liver and kidney GSH concentrations increased significantly in EA100Hz treated rats compared with EA10Hz group. 
MDA Assay
Liver MDA concentrations increased significantly in rats submitted to EA10Hz (p<0.01) and EA100Hz (p<0.001), compared with control group (Figure 3 
G6PDH Assay
Liver G6GPH activity decreased significantly in EA100Hz groups (p<0.001) compared with control group ( Figure  5) . A similar pattern was found in kidney G6PDH activity in EA10Hz rats. Kidney G6PDH activity was not different in both groups ( Figure 6 ). 
Control EA10Hz EA100Hz
G6PDH Activity (Kidney) FIGURE 6 -Kidney glucose-6-phosphate dehydrogenase (G6PDH) activity sixty minutes after the start of the experiment. Bars represent mean±SD values for each group (Control, EA10Hz and EA100Hz). Samples were obtained from the upper pole of the kidney of control rats and EA-treated groups (10 and 100 Hz) (n = 6, each group). G6PDH activity expressed as microMol/g of wet tissue. Kruskal-Wallis/Dunn tests. ***p<0.001, compared with control; † †p<0.01compared with EA10Hz.
Discussion
In our experiment the oxidative stress was induced by the use of ketamine, a dissociative anesthetic agent, often used either during veterinary procedures or for experimental purposes. Alva et al. 12 demonstrated that ketamine leads to increased plasmatic nitric oxide levels, induces metabolic acidosis, and causes oxidative damage, though without reaching hepatic toxicity.
Antiperoxidative effects of low frequency EA have been demonstrated. Siu et al. 6 electro-stimulated the acupoints GB-20, located on the posterior aspect of the neck, below the occipital bone, in the depression between the sternocleidomastoid muscle and trapezius muscle and the ST-36, using multiple applications before cerebral ischemia and concluded that 2Hz EA could partly regulate the lipid peroxidation in cerebral ischemia. GB-20 and ST-36 had a similar beneficial effectiveness 6 . In our study, the use of EA induced a significant raise in MDA concentration in the liver (Figure 3 ) and the kidney (Figure 4 ) in EA10Hz and EA100Hz groups. Additional increase in lipid peroxidation occurred in EA100Hz group compared with EA10Hz rats. This suggests that the kidney is more susceptible to lipid peroxidation than the liver. It seems that the use of electric stimulation utilizing high frequencies in a single session enhances the peroxidation of lipids in this rat model.
Yu et al. 22 evaluated the role of needle stimulation of four different acupoints: GB-34 (Yanglingquan), LR-3 (Taichong), ST-36 (Zusanli) and SP-10 (Xuehai) acupoints on regulating oxidative stress in the nigrostriatal system in the 6-hydroxydopamine lesioned rat and concluded that acupuncture stimulation prevented the reduction of GSH level as well as the increase in MDA level.
As we studied the effects of a single electroacupuncture session while in Yu et al. 22 evaluated the effects of the classic acupuncture treatment, performed twice a day for 14 days we believe that the use of electrical stimulation in a single session could be responsible for the increase in MDA levels. On the other hand, EA used in a single session induced a significant increase in GSH concentration in both liver ( Figure 1 ) and kidney (Figure 2) tissues. The protective effect of EA is greater at higher frequencies as demonstrated by the increased concentration of GSH in the kidney of EA100Hz rats, compared to EA10Hz animals.
G6PDH plays a very important role in the cell response to the oxidative stress. Until recently there was a general belief that this enzyme importance was limited to human erythrocytes that lack any other NADPH producing route 23 . Recent observations have shown that the G6PDH plays a protective role against reactive oxygen species in eukaryotic cells that possess alternative routes for the production of NADPH 24 . In this study G6PDH activity decreased significantly in the liver of EA10Hz and EA100Hz groups. Similar fall in activity was seen in the kidney of EA10Hz rats. Kidney GSH concentrations increased in EA100Hz rats at the time a concomitant decrease in G6PDH was demonstrated in the same group.
Yu et al. 25 have demonstrated that G6PDH activation is inversely correlated to GSH intracellular levels, utilizing cell suspension cultures of Taxus chinensis. It is possible that animal cells could have similar behavior.
As for strengths and weaknesses of this study in relation to others, there is no published study that can be directly compared with the present research. Despite the fact that peroxidative effects of EA were demonstrated here, in contrast with other studies 6 , 10 Hz electro stimulation was not used by other researchers. Published studies used low-frequency EA (2 Hz), in multiple sessions. In our study a single session was utilized. On the other hand the decrease in G6PDH activity in the liver and kidney of rats treated with 100 Hz and 10 Hz, respectively, along with a concomitant increase in GSH levels, after a single EA session, suggest that higher frequencies could induce a better protection against oxidative stress. The mechanisms involved are not clear so far. Further studies may shed new light into the protective effects of electroacupuncture.
Conclusion
The data collected support the hypothesis that a single 30-minute EA 10/100Hz session enhances lipid peroxidation and simultaneously reduces oxidative stress by increasing GSH levels in liver and kidney tissues in a rat model.
